Introduction {#s1}
============

Modelling approaches are routinely used to estimate national and global trends of the number of infants infected through mother-to-child transmission of HIV (MTCT).[@R1] [@R2] Such models depend on input data from individual countries such as the number of HIV-positive women receiving antiretroviral drug (ARV) interventions.[@R3] [@R4] Models apply HIV transmission probabilities (both peripartum and postnatal) by ARV intervention and by timing of maternal infection (either incident or prevalent) to derive population-based HIV infection rates.

WHO guidelines for preventing MTCT are updated to reflect the most current research evidence and recommend the most effective and safe interventions. The 2010 WHO guidelines for ARVs for treating pregnant women and preventing HIV infection in infants introduced several important revisions and, for the first time, recommended ARVs to prevent postnatal transmission of HIV through breast feeding.[@R5] These guidelines presented two main ARV regimens, namely Options A and B, which both include starting HIV-infected women with CD4 counts less than 350 cells/ml on lifelong antiretroviral therapy (ART). In Option A, women not eligible for ART should receive daily zidovudine (AZT) from the first trimester until delivery and, in breastfeeding populations, HIV-exposed infants should receive daily nevirapine until 1 week after all breast feeding. In Option B, women not eligible for ART should receive daily triple ARVs from the first trimester until delivery and, in breastfeeding populations, continue with these ARVs until 1 week after all breast feeding. In non-breastfeeding populations, both options recommend that HIV-exposed infants receive ARV prophylaxis for the first 6 weeks post partum.

The Global Plan Towards the Elimination of New HIV Infections among Children and Keeping Their Mothers Alive has set a target that by 2015 the number of new HIV infections in children will be reduced, in each of 22 priority countries,^[i](#fn1){ref-type="fn"}^ by at least 90% from 2009 levels.[@R6] The Plan has also set a target of reducing HIV-associated pregnancy-related deaths by 50% in the same countries. Progress towards these targets is modelled using the AIDS Impact Module (AIM) within the Spectrum demographic modelling package.

In order to track progress towards the targets of the Global Plan, MTCT probabilities applied to populations in models need to reflect the most current transmission risk estimates.[@R4] In particular, models need to include the probability of transmission in children due to new incident infection among pregnant and lactating women, and reflect the potential impact of ARV interventions that reduce transmission through breast feeding. Here we present the evidence for the revised transmission probabilities applied in Spectrum since April 2011.

How Spectrum uses the transmission probabilities {#s1a}
------------------------------------------------

The transmission probabilities described in this paper were specifically intended for use in the Spectrum computer package or other similar models that estimate the impact of prevention of mother-to-child transmission of HIV (PMTCT) programmes. A detailed description of Spectrum is available elsewhere.[@R4] The peripartum transmission probabilities are applied to all deliveries among HIV-positive women to estimate the number of peripartum infections. The postnatal transmission probabilities are applied to the estimated proportion of HIV-negative children who are breast feeding among HIV-positive mothers. Postnatal transmission is calculated based on the per cent of women still breast feeding by months since birth. A monthly transmission probability is applied for each month that the child is breast feeding (see [figure 1](#SEXTRANS2012050709F1){ref-type="fig"}).

![Calculating new HIV infections among children in Spectrum.](sextrans-2012-050709f01){#SEXTRANS2012050709F1}

Methods {#s2}
=======

The probabilities of peripartum and postnatal MTCT of HIV according to ARV regimen and maternal CD4 count among women with prevalent infection and among women with incident infection were reviewed for a meeting that aimed to update modelling approaches and assumptions used in Spectrum that was held in Washington, DC, September 2010. A process to agree on estimates of transmission probability was agreed by the authors following a critical review of available evidence. While the initial meeting was held in September 2010, data from studies reported in peer-reviewed journals from 1990 until the beginning of 2012 were considered for inclusion.

Studies included in the analysis {#s2a}
--------------------------------

Data used for this analysis included published literature, conference presentations and data from personal communication with researchers when data were not otherwise available. The authors reviewed these data for quality, internal consistency and relevance. Data from randomised studies were prioritised but cohort and observational data were also included providing the reports indicated rigorous study methods, appropriate sample sizes and provided direct transmission estimates from relevant study populations. Details of these reports are summarised in an annotated bibliography (see working paper in online supplementary appendix).

Definitions and assumptions underlying estimates of HIV transmission probabilities {#s2b}
----------------------------------------------------------------------------------

*Peripartum HIV transmission* reflects combined in utero and intrapartum transmission and is measured by HIV status of infants at 4--6 weeks of age. It assumes no additional early transmission due to breast feeding. In non-breastfed infants, HIV status of infants at 4--6 weeks or any time thereafter would represent peripartum transmission. In breastfed infants, any additional transmission that occurs after 6 weeks of age would be regarded as postnatal transmission and attributable to breast feeding.

*Postnatal HIV transmission* reflects infections in infants or children who were HIV uninfected through pregnancy and delivery (identified through a negative HIV test at 4--6 weeks) and who subsequently become HIV-infected while breast feeding.

Postnatal transmission rates captured for each study were either those directly reported by investigators, even if the age at which peripartum transmission was measured differed between studies namely 2, 4, 6 or 8 weeks post partum, or were calculated from data included in the reports. Some investigators reported point or cumulative transmission at birth, 6 weeks and other postnatal time points such as 3, 6, 12 and 18 months. In these situations, HIV transmission due to breast feeding was estimated by subtracting HIV infections (or transmission rates) among 6-week-old HIV-exposed infants from HIV infections (or transmission rates) among HIV-exposed breastfeeding infants identified any time thereafter.

Depending on data provided, monthly postnatal transmission probabilities were calculated by dividing the cumulative transmission per cent measured over a particular time interval by the number of months in that time period minus 4 weeks. Four weeks was deducted from the breastfeeding exposure period as HIV DNA laboratory assays only reliably detect infections that occur up to about 4 weeks prior to measurement. For example, if transmission was measured at 6 months, then the breastfeeding exposure period was deemed to be 1 month less, or 5 months. If the transmission rates at 6 weeks and 6 months were 5% and 8.5%, respectively, then 3.5% HIV transmission would be attributed to 5 months of breast feeding, or 0.7% per month of breast feeding.

Alternatively, if studies reported the median breastfeeding period as less than the time at which HIV status was determined, then the cumulative transmission per cent by the time of measurement was divided by the median duration of breast feeding. For example, if postnatal transmission was estimated to be 9% at 12 months with a median breastfeeding period of 7 months, then the monthly transmission probability associated with breast feeding would be 9/7=1.29% per month of breast feeding.

This simple, and easily applied, calculation does not account for the conditional probability of postnatal infection, for example, the conditional probability that the child is not infected in the previous month or at birth, which will have a significant impact when multiplied over several months of exposure or to large probabilities. Spectrum currently only includes two decimal spaces of accuracy for the monthly transmission probabilities. Thus, a more accurate calculation (see example in footnote^[ii](#fn2){ref-type="fn"}^) would have no impact on the overall rates in the current model.

*Incident infection* refers to newly acquired infections in pregnant or lactating women. Methods used for identifying these women were different between studies and the investigators' approach for inclusion of this population was accepted. Incident infection was usually identified through seroconversion of women who previously tested negative for HIV. Transmission probabilities were not disaggregated by maternal CD4 count as, although women with incident infection have high viral load similar to women with longstanding HIV infection, their CD4 counts are not depleted in the early stages of infection.

We did not estimate a monthly transmission probability for lactating women with incident HIV infection as the reported high risks of transmission, associated with high viral load in mothers during primary viraemia, may only be present for 1--2 months. It was considered inappropriate to apply an average monthly probability over a duration of breast feeding, whether long or short, within a model.

*ARV regimens* were defined according to WHO recommendations that were valid at the time of respective studies. The term *WHO 2006 dual prophylaxis* is applied to a range of ARV interventions that were included in the recommendations at that time. This included settings in which breast feeding was the dominant infant feeding practice and also settings where replacement feeding (formula feeds) were the default recommendation. It also includes settings where single dose nevirapine may or may not have been given to infants in the immediate postnatal period (within 72 h). While not included in WHO recommendations at that time,[@R7] this practice was reported in some studies.

*Any breast feeding* includes exclusive, predominant and partial breast feeding (mixed breast feeding=predominant and partial breast feeding). No attempt to further disaggregate was made given limitations in the data.

Estimating HIV transmission probabilities {#s2c}
-----------------------------------------

The median peripartum and postnatal transmission probability and ranges for each ARV regimen and CD4 count were determined from reported data. Exceptions to this approach are separately presented and justified. In some instances, the median value was overruled based on other considerations and in these situations the rationale is outlined. The transmission probabilities were not weighted by the size of the study as each study had its own limitations.

When reports presented transmission probabilities separately for mothers with CD4 counts 350--500 cells/ml and \>500 cells /ml, these probabilities were averaged and included as the transmission probability for women with CD4 counts \>350 cells/ml. This concept was applied similarly in some instances for other grouped ranges of CD4 counts (see online supplementary table 1).

For the purposes of Spectrum it was not necessary to calculate the transmission probabilities for different CD4 distributions for single dose nevirapine (sdNVP) and WHO 2006 dual ARV regimens as these interventions will only be applied to historical populations without reference to CD4 counts when disaggregated data by CD4 distributions were not generally available. Options A and B were only recommended for women with CD4 counts of 350 or higher and thus probabilities for those scenarios were estimated. Although not recommended by WHO for women with CD4 counts below 350 cells/ml, a transmission probability is included for Option A in this population because (i) those data were available from some reports and (ii) some countries were providing Option A to this population before revisions of national guidelines (ie, criteria for ART from a CD4 count of \<200 to \<350) and (iii) in settings where CD4 testing is not routinely available, some women with lower CD4 counts may only receive this intervention.

Monthly postnatal transmission probabilities were not estimated for a population where CD4 count is 'not specified' (as presented in the first column of [table 1](#SEXTRANS2012050709TB1){ref-type="table"} for Peripartum transmission). For modelling postnatal transmission in populations where data on maternal CD4 counts are not known, such as historical cohorts, then assumptions can be made on the distribution of CD4 counts in these populations and an average transmission probability is secondarily estimated and attributed. Since 2011 Spectrum assumes a CD4 distribution among pregnant women to determine which transmission probability will be applied during breast feeding.

###### 

Summary of transmission probabilities by antiretroviral regimen and maternal CD4 count

                                                                               Peripartum transmission                             Postnatal transmission per month of any BF\* (except incident infection)                                                                                                                                        
  ---------------------------------------------------------------------------- --------------------------------------------------- -------------------------------------------------------------------------- -------------------------------------------------------- -------------------------------------------- ------------------------------ ---------------------------------------------
  Incident infections *(range of reported transmission probabilities)*         30% *(13%--30%)*[@R6; @R7; @R8; @R9]                                                                                           28% *(14.3%--56%)*[@R10; @R11; @R12; @R13; @R14; @R15]                                                                               
  No prophylaxis *(range of reported transmission probabilities)*              22% *(15%--25%)*[@R16; @R17; @R18; @R19; @R20]      37% *(22%--54%)*[@R18] [@R21] [@R22]                                       27% *(13.1%--32.6%)*[@R18] [@R21]                        15% *(9.7%--20.2%)*[@R18] [@R21] [@R22]      1.57%/m BF[@R23; @R24; @R25]   0.51%/m BF [@R23; @R24; @R25] [@R29] [@R30]
  sdNVP *(range of reported transmission probabilities)*                       12% *(9.4%--12.1%)*[@R31; @R32; @R33; @R34]                                                                                    1.57%/m BF[@R23; @R24; @R25]                             0.51%/m BF[@R23; @R24; @R25] [@R29] [@R30]                                  
  WHO 2006 dual prophylaxis *(range of reported transmission probabilities)*   4% *(2.3%--5.3%)*[@R29] [@R30] [@R35; @R36; @R37]   1.57%/m BF[@R23; @R24; @R25]                                               0.51%/m BF[@R23; @R24; @R25] [@R29] [@R30]                                                                                           
  Option A‡                                                                                                                        *4%*† *As WHO 2006*                                                        2%[@R24] [@R29] [@R36]                                                                                0.2%/m BF[@R39] [@R40]         
  Option B§                                                                                                                        2% *(0.9%--2.9%)*[@R24] [@R41; @R42; @R43; @R44]                           0.2%/m BF[@R24] [@R39] [@R43; @R44; @R45]                                                                                            
  ART *(range of reported transmission probabilities)*                                                                             2%[@R24] [@R29] [@R30] [@R41; @R42; @R43]                                                                                           0.2%/m BF[@R29] [@R30] [@R43; @R44; @R45]                                   
  ART (before pregnancy)                                                       0.5%[@R24] [@R42] [@R46] [@R47] [@R48]              0.16%/m BF[@R24] [@R39] [@R43] [@R44]                                                                                                                                                                           

Shading indicates transmission probabilities that are not estimated for a particular regimen either because the regimen is not recommended for women with a particular CD4 count, for example, Option A or B for women with CD4 counts less than 350 cells/ml, or because transmission data were not available for a regimen by CD4 count, for example, sdNVP in women with CD4 350--500 cells/ml.

\*For the transmission probabilities associated with breast feeding the values are given to two decimal places since rounding these values up or down would result in significantly greater or lesser transmission rates when multiplied according to the duration of breast feeding.

†Providing Option A to breastfeeding mothers with CD4 counts 200--350 is not recommended. However, it is noted that this situation may arise in settings where systems to perform CD4 counts are not in place and women needing to be on lifelong ART are not being readily identified.

‡*In Option A*, HIV-positive pregnant women who are eligible for lifelong ART should be started on treatment in the first trimester of pregnancy. HIV-positive pregnant women who are not eligible for ART should receive daily AZT from 14 weeks gestation until delivery, single dose nevirapine during labour and AZT+3TC during labour and for 7 days post partum. HIV-exposed infants would receive AZT or NVP until 6 weeks of age and if breast feeding then NVP would continue until 1 week after all breast feeding has stopped.

§*In Option B*, HIV-positive pregnant women who are eligible for lifelong ART should be started on treatment in the first trimester of pregnancy. HIV-positive pregnant women who are not eligible for lifelong ART should receive one of four combinations of ARVs during pregnancy throughout the breastfeeding period and 1 week after. Exposed infants would receive either AZT or NVP for 1 week.

3TC, lamivudine; ART, antiretroviral therapy; ARV, antiretroviral drug; AZT, zidovudine; BF, breastfeeding; sdNVP, single dose nevirapine.

Separate monthly postnatal transmission probabilities were not estimated for populations receiving sdNVP or WHO 2006 dual prophylaxis as it was assumed that, although both regimens provide an ARV to infants postnatally, neither is considered to have substantial impact on postnatal transmission through breast feeding.

Results {#s3}
=======

[Table 1](#SEXTRANS2012050709TB1){ref-type="table"} presents the estimated transmission probabilities by ARV regimen and CD4 level. Details of transmission probabilities reported in each study are presented in the online supplementary table 1. An annotated bibliography of studies is included in the working paper (online supplementary appendix).

Transmission probabilities due to incident HIV infection {#s3a}
--------------------------------------------------------

Four reports provided data on peripartum transmission[@R8; @R9; @R10; @R11] and six reports on postnatal transmission[@R12; @R13; @R14; @R15; @R16; @R17] among women who had become infected during pregnancy or lactation. The reported transmission probability for peripartum transmission ranged from 13% to 30%. The high value of the peripartum range, that is, 30% was selected in light of other reports that documented high odds ratios for infant transmission associated with maternal incident infection in pregnancy but did not provide transmission probabilities. For postnatal transmission, the range was 14.3%--56% with a median of 28%. These are comparable with transmission probabilities to infants born to mothers with CD4\<200 cells/ml, not receiving any treatment, and who have high viral load.

Transmission probabilities in the context of no ARV prophylaxis {#s3b}
---------------------------------------------------------------

Five studies reported peripartum transmission probabilities without disaggregating by CD4 count.[@R18; @R19; @R20; @R21; @R22] While there were significant geographical variations, there was no clear relationship between transmission rates and either breastfeeding or non-breastfeeding populations. The range of transmission probabilities was 15.3%--25.5% with a median of 22%. Four reports provided data on peripartum transmission among mothers with CD4 counts \<200 cells/ml in east, west and southern Africa and also Thailand and France[@R20] [@R23] [@R24] (Humphrey J, personal communication, 2010). In these populations, the range of transmission probability was 22.4%--54.2% with a median of 37%. Among women with CD4 counts 200--350 cells/ml, the range of transmission probabilities was 13.1--32.6% with a median of 27%[@R20] [@R23] (Humphrey J, personal communication, 2010). Limited data were available from four reports to inform transmission probabilities in women with CD4 counts \>350 cells/ml[@R20] [@R23] [@R24] (Humphrey J, personal communication, 2010). In one study, an average transmission probability was calculated for women with CD4 counts \>350 cells/ml at each site as described in the Methods section.[@R23] The range of transmission probabilities was 9.7%--20.2% with a median value of 15%.

With respect to postnatal transmission through breast feeding among mothers with CD4 count \<350[@R25; @R26; @R27] (Humphrey J, personal communication, 2010). (Becquet R, personal communication, 2010), when maternal CD4 count is not considered, the monthly postnatal transmission probability is about 0.8% per month of breast feeding[@R28] or 9.2 infections per 100 child years.[@R29] Some studies only reported a three to ninefold increased risk as an OR or HR of transmission among mothers with lower CD4 count compared with those with higher CD4 counts.[@R30] The range of monthly transmission probabilities in mothers with CD4 counts \<350 cells/ml was 0.84%--2.5% per month of breast feeding and the median value was 1.57% per month of breast feeding. Seven reports provided postnatal transmission data among mothers with CD4 counts equal to or more than 350 cells/ml[@R25; @R26; @R27] [@R31] [@R32] (R Becquet, Personal communication, 2010) (Humphrey J, personal communication, 2010). Transmission probabilities from the observational cohorts and the randomised control trial groups in the Kesho Bora study were not averaged as they were derived from distinct populations. The range of monthly transmission probabilities was 0.1%--0.96% per month of breast feeding with a median value of 0.51% per month of breast feeding.

Transmission probabilities in the context of single dose nevirapine {#s3c}
-------------------------------------------------------------------

Peripartum transmission probabilities were noted in four reports with a range of 9.4%--12.1%.[@R33; @R34; @R35; @R36] The median value was 12%.

Transmission probabilities in the context of WHO 2006 dual prophylaxis {#s3d}
----------------------------------------------------------------------

Peripartum transmission probabilities were noted in five reports with a range of 2.3%--5.3% and a median value of 4%.[@R31] [@R32] [@R37; @R38; @R39]

Transmission probabilities in the context of Option A regimen {#s3e}
-------------------------------------------------------------

No studies reported transmission probabilities when all components of the ARV interventions recommended in Option A were provided to the population for whom Option A is specifically recommended. [Table 2](#SEXTRANS2012050709TB2){ref-type="table"} summarises the elements of Option A that are reported in each study.

###### 

Elements of Option A regimen reported in each study

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                   Interventions offered in SWEN,[@R36] PEPI,[@R40] BANS[@R41] and HPTN 046[@R42]   2010 WHO Option A for breastfeeding communities
  ---------------------------------------------------------------- -------------------------------------------------------------------------------- ---------------------------------------------------------------------
  Antenatal ARVs to pregnant HIV-infected women                    Generally single dose NVP to mother                                              AZT during pregnancy +\
                                                                                                                                                    sdNVP during labour +

  Some mothers also started on lifelong treatment                  AZT/3TC from start of labour until 7 days after                                  

  Time when ARVs started antenatally                               Onset of labour                                                                  AZT from 14 weeks

  Maternal CD4 count                                               Included women with CD4 counts as low as 200 cells/ml                            Only for women with CD4 \<350 cells/ml

  ARV intervention to infants to prevent peripartum transmission   sdNVP after delivery                                                             NVP daily for 6 weeks

  ARV intervention to infants to prevent postnatal transmission    Nevirapine to infants while breast feeding (6 weeks, 14 weeks or 6 months)       Nevirapine to infants until 1 month after end of all breast feeding
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3TC, lamivudine; ARV, antiretroviral drug.

However, studies did provide data on individual components of Option A. In West Africa, among infants who were primarily given formula feeds and whose mothers had CD4 counts \>350 and received AZT from either 28 or 32 weeks + lamivudine (3TC) and sdNVP at birth (infants also received sdNVP and AZT for 7 days), transmission at 4 weeks was 3.1%.[@R31] In Kenya, Burkina Faso and South Africa, among breastfed infants whose mothers had CD4 counts 350--500 and received either triple ARVs or AZT from 28 weeks, there were 11 infections among 335 infants at 6 weeks of age=3.3%.[@R26] In Thailand, among infants who were formula fed and whose mothers had CD4 counts \>200 and received AZT from 28 weeks and sdNVP at birth (infants also received sdNVP), there were eight infections among 508 infants=1.6%.[@R38]

The peripartum transmission probability for Option A should be less than the probability associated with the WHO 2006 dual prophylaxis (4%), on the grounds that the option would apply only to mothers with CD4\>350, the ARV interventions would be started earlier in pregnancy from 14 weeks gestation and the extended postnatal ARV regimen (AZT or NVP for 6 weeks) to infants would provide additional protection. Hence, a peripartum transmission probability of 2% would be plausible and consistent with published data.

Four randomised studies reported the efficacy of nevirapine given to infants to reduce the risk of HIV transmission while breast feeding. Two of the studies provided only limited data.[@R36] [@R40] The two other studies reported transmission rates from HIV-exposed, uninfected infants recruited and randomised postdelivery and who received nevirapine for up to 6 months while breast feeding.[@R41] [@R42] A simple median value from these studies would be inappropriate as both studies, included mothers with CD4 counts 200--350. Considering the population for whom Option A is recommended (\>350 cells/ml), an estimate of 0.2% per month of breast feeding is consistent with available data.

Transmission probabilities in the context of Option B regimen {#s3f}
-------------------------------------------------------------

As with Option A, no studies report transmission outcomes when all elements of Option B are implemented in the target population. For example, the Kesho Bora study provided the same ARV interventions but started only at 28 weeks and did not include 6 weeks extended postpartum ARVs to the infants. Several studies provide peripartum transmission probabilities associated with triple ARV prophylaxis in women who are not eligible for lifelong ART and are summarised in the online supplementary table 1.[@R26] [@R43; @R44; @R45; @R46] The range of transmission probabilities was 0.9%--2.9%. A peripartum transmission probability of 2% would be consistent with an earlier initiation of ARVs combined with the postpartum infant intervention.

Three randomised trials and two non-randomised, intervention studies provided data on postpartum transmission.[@R26] [@R41] [@R45; @R46; @R47] Population characteristics were significantly different and monthly postnatal transmission probabilities were calculated based on data provided. Additional discussion of the studies, interventions implemented and reported transmission are included in the working paper (online supplementary appendix). The range of estimates of postnatal HIV transmission was 0.063%--0.53% per month of breast feeding. These may be even less if mothers with CD4\>500 were included. For mothers with CD4 counts \>350, an estimate of 0.2% per month of breast feeding would be consistent with published literature.

Transmission probabilities in the context of lifelong ART {#s3g}
---------------------------------------------------------

Two reports from the UK, Ireland and France and three studies from west, south and east Africa provide data that inform this estimate. Studies from Europe indicate peripartum transmission among women on ART to be around 1%.[@R43] [@R44] These mothers generally had caesarean section and no infants were breast fed. ART was sometimes started prior to conception. African studies report a wider range of transmission probabilities (0.6%--3.7%).[@R26] [@R31] [@R2] [@R45] When lifelong ART is started in pregnant women with CD4 counts less than 350 cells/ml then a peripartum transmission probability of 2% or less is expected.

Limited data were available on transmission risks when women were on ART prior to conception. In the UK and Ireland, among infants born by caesarean section to HIV-infected mothers on triple ARVs from conception the peripartum transmission probability was 0.1%.[@R44] In Botswana and South Africa, programmes reported peripartum transmission probabilities of 0.3% and 0.7% among infants who were not breast fed and whose mothers were on lifelong ART prior to conception.[@R48] [@R49] In two randomised studies conducted in Botswana, Kenya, Burkina Faso and South Africa, among women who started ARV interventions during pregnancy, but where there was good ARV adherence and effective viral suppression, peripartum transmission probabilities were 0.63% and 1.3%.[@R26] [@R45]

These probabilities are consistent with the strong relationship between low transmission and longer duration of ARV treatment in pregnancy, good adherence to ARVs and effective viral suppression.[@R50] In the context of HIV-infected mothers being on lifelong ART initiated prior to conception, peripartum transmission probability is estimated to be 0.5%.

There was considerable variation in the reported estimates of postnatal transmission from African studies in mothers on ART.[@R31] [@R32] [@R45; @R46; @R47] These ranged from 0% to 0.42% per month of breast feeding. Effective viral suppression was associated with low postnatal transmission. Differences in reported transmission probabilities may reflect longer intervals between ART initiation and birth or initiation of breast feeding, and different rates of ARV adherence and associated viral suppression. Although the median value of reported transmission probabilities was 0.16% per month of breast feeding, it would be inconsistent, on therapeutic and programmatic grounds, for postnatal transmission rates in mothers eligible for, and starting ART during pregnancy, to be lower than transmission rates among mothers with CD4 counts greater than 350 cells/ml and starting similar ARV interventions that are recommended as part of Option B.

Data from four studies help to inform the postnatal transmission probability among women who are on ART prior to conception. In Botswana, no postnatal transmissions occurred in a randomised trial among breastfeeding HIV-infected mothers who received one of two triple ARV regimens and viral suppression was achieved in more than 94% mothers.[@R45] In Rwanda, there were 0.5% transmission over 8 months breastfeeding exposure (=0.063% per month) among mothers with CD4\<350 cells/ml who started on lifelong ART (D4T, 3TC and NVP) and among mothers with higher CD4 (\>350 cells/ml) who received AZT, 3TC and efavirenz.[@R46] In Burkina Faso, Kenya and South Africa, when there was effective viral suppression among mothers who received triple ARVs as prophylaxis, postnatal transmission probability at 6 months was 0.9%.[@R26] In Malawi, differences in early transmission probabilities in intervention arms suggest that a small percentage of postnatal transmission could be additionally prevented by earlier ART initiation.[@R41]

In the context of infants also receiving ARV prophylaxis for the first 6 weeks post partum, the postnatal transmission probability is likely to be similar in women who have been on ART from before conception and in women who start ART during pregnancy. In light of these data, the Working group estimated that in the context of HIV-infected mothers being on lifelong ART initiated prior to conception the postnatal transmission probability would be 0.16% transmission per month of breast feeding.

Discussion {#s4}
==========

The above tables (and online supplementary table 1) summarise the HIV transmission probabilities applied in the AIM module of Spectrum since April 2011 (V.4.3). The source data and process by which the transmission probabilities were estimated, including the range of reported MTCT probabilities by timing of infection, maternal CD4 count and ARV intervention, are described and justified. Providing this information enables better understanding and interpretation of Spectrum modelled transmission rates and the uncertainties around those estimates.

For the first time, Spectrum includes monthly transmission probabilities for the breastfeeding period by ARV intervention and whether women have recently acquired HIV infection. The probabilities are frequently derived from randomised controlled trials and do not necessarily reflect the programmatic challenges of delivering interventions to populations in different geographic or cultural contexts. These factors will be included in modelled estimates as determinants of coverage rather than therapeutic effect of an ARV regimen in individual mothers and infants.

For incident infections occurring when mothers are breast feeding, an overall transmission rate is estimated rather than a monthly transmission probability. The available data tend not to support a relationship between duration of breast feeding and the risk of HIV transmission to the infant among women acquiring HIV during lactation.[@R17] The lack of relationship is plausible. It may be that an extraordinarily high maternal viral load during incident infection results in most infections occurring during the first weeks of breastfeeding exposure. This period of high risk may only be present for 1--2 months and then may decline to a low risk level. [@R17] It may therefore be inappropriate to apply an average monthly hazard risk over the duration of breast feeding in this case. In the largest of the studies, which also provided the greatest detail on timing of maternal seroconversion and infant infection, about 14% (95% CI 10.7% to 19.0%) of breastfeeding infants born to mothers who converted at any time in the postnatal period became infected within 6 months after maternal infection. In the subgroup of mothers who were known to have seroconverted within the preceding 90 days, 24% (95% CI 14.15% to 39.48%) of breastfeeding infants became infected within 6 months of maternal infection.[@R17]

There are several limitations to the estimates of transmission probabilities. Estimating the transmission probabilities when mothers and infants receive PMTCT Option A or B is complicated since no single study implemented all elements of either option. The transmission probabilities for these regimens are therefore extrapolated from findings reported in a number of studies. For interventions such as single dose nevirapine or WHO 2006 dual prophylaxis, transmission probabilities are not disaggregated by maternal CD4 count. It is assumed that these probabilities will only be applied to historical populations where CD4 counts were generally not available, and to regimens that are no longer recommended. A transmission probability is included however for the scenario where PMTCT Option A is provided to mothers who may have a CD4 count between 200 and 350 cells/ml. Even though this is not recommended, it was considered a likely scenario---especially in settings where CD4 counts are not routinely available (in 2010, only 30% pregnant HIV-infected women were assessed for ART eligibility by CD4 measurement [@R51])---and therefore reasonable to include. A simple method was used to derive the monthly postnatal transmission probabilities which did not take into account whether the child was infected in the previous month. For very small probabilities this will not have an important effect. However when multiplied over several months the result could be significant. Future versions of Spectrum should allow for more decimal places in the monthly transmission probability.

The transmission probability during breast feeding is assumed to be the same among women who are on lifelong ART prenatally or if started on ART during pregnancy. Compared with women who start ART during pregnancy, initiating HIV-infected women on ART before pregnancy is likely to have a greater impact on peripartum transmission than transmission through breast feeding. The postnatal viral load of HIV-infected lactating mothers is not likely to be significantly different whether ART is started before pregnancy or whether it is started within the first or second trimester. However, we are unaware of evidence to inform this transmission risk and additional data are needed to validate these assumptions.

As much as it is important to apply the most accurate transmission probabilities, the quality of input data from national programmes must be optimised for the model estimate to be valid. In particular, it is essential that good quality data differentiate the number of women receiving ARVs, either as prophylaxis or ART, and on the distribution of CD4 counts with different populations. This is needed especially in settings where Option A is implemented and where the transmission probability will be higher than expected if women with lower CD4 counts are not identified and managed appropriately. Where information on the duration of breast feeding among women in the PMTCT programme is not available, Spectrum applies breastfeeding rates and duration to mothers who are HIV-infected according to patterns reported in national Demographic and Health Surveys. This may not be an appropriate assumption for women in the PMTCT programme as these women might preferentially reduce breastfeeding duration. This highlights the need for better data on infant feeding practices and adherence to recommended ARV interventions during this time period as well as during pregnancy. Last, in order to better estimate and interpret modelled outcomes, it is important for empiric transmission rates to be measured through population-based sampling.

The transmission probabilities presented in [table 1](#SEXTRANS2012050709TB1){ref-type="table"} and the new infection rates that will be estimated from the models do not reflect all the considerations on which WHO clinical recommendations need to be based. For example, transmission probabilities do not reflect the full risk--benefit opportunities of mothers being able to breast feed their infant compared with using replacement feeds. The value of interventions to reduce HIV transmission can only be judged when understood in the context of overall maternal and child health and survival. For example, the value of an intervention may be greatly increased if it also improves maternal health and survival or reduces the risk of HIV transmission to another adult. The Spectrum model does not include any measure of viral resistance or drug safety and the consequences of these adverse events on population outcomes is not therefore evident. It is quite likely that new data on other benefits (and potential risks) of ARVs will become available in the next few years and will significantly influence PMTCT recommendations. It is less likely, however, that new ARV interventions with greater therapeutic efficacy to decrease HIV transmission will be developed in the near future.

The Global Plan Towards the Elimination of New HIV Infections among Children and Keeping Their Mothers Alive is the most ambitious initiative for improving the health and survival of HIV-infected mothers and their children in the history of the HIV epidemic.[@R6] It is therefore essential to be able to track, with confidence, progress towards the targets. Applying rigorously-derived transmission probabilities in models such as Spectrum facilitates interpretation of national and global estimates and trends of the number of children becoming infected with HIV, and will allow better comparisons with programmatic data or estimates from other models. Key messagesPublishing the mother-to-child transmission probabilities used in Spectrum allows other modellers to understand and compare their results with Spectrum results.Peripartum HIV transmission probabilities depend on maternal CD4, antiretroviral drug regimen, incident or prevalent maternal HIV infection and range from 37% to 0.5%.Postnatal HIV transmission probabilities in mothers with prevalent infection range from 1.57% to 0.16% per month of breast feeding. With incident infection, 28% transmission is expected irrespective of duration of breast feeding.
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An example of calculating the conditional probability: if the 4--6 week risk is 5% and the 6-month total risk is 10% then the risk of postnatal infection is 10% minus 5% divided by those infants who were negative at the start of the time period so (10--5)/(100--5). Convert the cumulative risk into a monthly rate \[−ln(1-P))\]/t where P is the conditional probability and t is the number of months of exposure. Calculate back to a monthly probability 1−e\^(−r) where r is the monthly rate calculated in the first step.
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